Abstract. The single and double layers porous windbreaks were taken as research subjects for their effects of wind resistance, stability and structural optimization designing. The distribution of static pressure and velocity were researched in both sides of the windbreak. The force and overturning moment were calculated. The characteristics of energy dissipation was compared between the two windbreaks. The aperture ratio, port closing and panel spacing of the double windbreaks were researched. The results show that the kinetic energy was converted to pressure energy and the direction was changed by single windbreak. The votexs were formed near the double windbreak at the same time. The aerodynamic loads of single panel were greatly reduced by double windbreak. The force was more evenly through changing the aperture ratio. Closing the ports and reducing the spacing of the panel both can improve the loads of the double windbreak.
Introduction
The possibility of derailment and overturn of the high-speed train is increased in the cross wind environment. The safety of the train under the crosswind has been paid more and more attention now. There are two main ways to solve the train safety problem under the crosswind, one is to develop a reasonable traffic management measures and another is to develop reliable engineering measures. Traffic management measures usually limit the speed of trains at specific wind speeds, which will greatly reduce the use of railway efficiency. At present, installing windbreaks on the lines was a reliable engineering measure used more. It can effectively improve the overturning critical wind speed and critical train speed, improve line utilization and ensure train safety. Currently there are many researches on windbreaks domestic and foreign. Packwood [1] et al. Demonstrated the applicability of the numerical simulation method in the calculation of porous windbreak by comparing the simulation of wind tunnel tests and CFD. Davide AL Lori [2] et al. Studied the wind-resistant performance of the windbreaks by wind-tunnel tests using a scaled-down model. Dong Xiang-ting [3] et al. used numerical simulation method studying the influence of windbreak on the safety of trains under cross-wind, proving that reasonable windbreak design can obviously improve the running safety of trains. Xiang Chao-qun [4] et al. Used the numerical simulation method to study the optimal windbreak height on the bridge, proving that the optimal windbreak effect is about 2m. Xiang Huo-Yue [5] et al. Carried out wind tunnel test on the windbreak model, proving that the circular hole method is optimal.
Most of the above studies are related to the influence of windbreak setting, windbreak height and air-permeability on the aerodynamics of the train and bridge. Currently there is little research on the form of windbreaks. There is little research on the windbreak mechanism. There is little research on the aerodynamic force of the windbreak itself. At present, China's design theory and research methods on windbreak of high-speed railway are not enough. The relevant technical standards or specifications are not specified. This paper is based on the basic theory of CFD and the STAR-CCM+, a fluid engineering simulation software. The numerical simulation of the aerodynamic loads on the windbreak itself is carried out, from the wind effect, wind resistance and structural optimization design.
Computational Models and Methods

Computational Geometry Model
A single-layer and a double-chamber energy-dissipating windbreak were studied. A total of five windbreak models with a height of 2 m were calculated. The side view of windbreak is shown in Figure 1 . Model (a) is a single-layer porous corrugated plate windbreak (aperture 50mm). Model (b) is a double-layers chamber with equal diameter porous corrugated plate windbreak (aperture 50-50mm). Model (c) is a double-layers different-diameter corrugated-plate windbreak (The diameter of the wind board is 50mm and the diameter of the backboard is 40mm). Model 
Computational Physics Model
RANS method was used, and the shear stress transport equetion SST k-ω model was selected. The wall function method was applied to the surface of windbreak and the ground. The second-order central difference scheme was used for the diffusion term.
The k-ω SST two-equation turbulence model equation is as follows,
The eddy viscosity coefficient is determined by the following equation:
k P , P ω are turbulence generating terms,the explanations of each item and parameters are given in the literature [6] . With the increase of cross wind speed, the chamber windbreak is subjected to more and more aerodynamic loads. The differential pressure resistance and overturning moment of windbreak were shown in figure 2. From fig.2 , the pressure drop resistance of the windbreak is related to the wind speed as a quadratic curve. The calculation result of the windward board is larger than that of the leeward board.
The Relationship Between Aerodynamic Load and Aperture Ratio
The champer windbreak use the method to open the hole in dislocation holes. The aerodynamic load of the panel is directly related to the hole size. Define the windbreak aperture ratio q = the diameter of the leeward board/the diameter of the windward board. Five kinds of windbreak were calculated in this section. The aperture ratios were 0.7, 0.8, 0.9, 1.0, and 1.1, respectively. The From fig.3 , as the aperture ratio increases, the resistance coefficient of the windward board gradually increased, while the resistance coefficient of the leeward plate is gradually reduced, and the aerodynamic load intersects when the aperture ratio is between 0.8 and 0.9.
The Relationship Between Aerodynamic Load and Windbreak Spacing
The windward and leeward board of the champer windbreak use a relatively bent way. The windbreak spacing affects the size of the chamber, further affecting the aerodynamic load of the panel. From fig.4 , the aerodynamic load of the windbreak is basically unchanged as the spacing between the plates increases. With the increase of windbreak spacing, the aerodynamic load of the windward board is gradually increased while the aerodynamic load of the leeward board decreases gradually. When the aperture are 50mm, it can not make the aerodynamic load of the windward and leeward board equal by adjusting the spacing.
Summary
From the above analysis, the following conclusions can be drawn (1) In the cross-wind effect, single and double windbreaks both form a low-speed environment in the wind leeward side. Single-layer windbreak mainly depends on the panel to change the flow direction. The front and rear panels of the double-layer windbreak are also subjected to cross wind loads, forming a lot of small vortex flow, consuming the cross wind energy. (2) Single-layer windbreak are subjected to large aerodynamic loads and bending moments, while the double-layer windbreak distributing the aerodynamic load on the front and rear panel. Appropriate reducing the hole size of the back plate can effectively improve the difference of the aerodynamic load between the front and rear panel. ( 3) The resistance coefficient of the windbreak is independent of the Reynolds number under natural wind conditions, relating to the aperture ratio and the spacing. (4) With the increase of aperture ratio, the resistance coefficient of windward board gradually increases, while the resistance coefficient of the leeward plate is gradually reduced. The front and rear panels are subjected to the same aerodynamic loads when the aperture ratio is between 0.8 and 0.9.
